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mm^] mmm 

i)^^^ ^y:^'y (Mn) , ^nA (Cr) , -^y>^;i/ (Ni) , m (Cu) , 
UV^2^ (Rh) , 4Vt^^2^ (I r) ^JzXf^± (P t) ^^^fj^^m<Do^<D 

C»#^3] tafS#AM(^)^$ti^ 0. 0 3 nmi UJ?< 0. 6nmckU 
^V^3^$:#^h•t-^»#:S2fa«g®^^^Mm^. 
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im^m^] mmmmm<Dm^it. o. 5nmi;A±inmarv&^^t. 
m^me] mn^mmmit. mm (o) i3j:xj^mm (n) fj^^tjt^m<Do 

-^:/JrJ\y, nA;Vh (Co) , ^ (Fe) , ^ > ^Jf ;i/ (T a ) , ^DA, Ui^ 
^K, ^^)^^y (Mo) ^i:tJf:r^y (Nb) *^ ® e) t>^^7S; < il 
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m^mi4:] It^^l 1 7S;V^Lff^:^l 3®V^•rtl*^l JCfH^O^^^ 
[0 0 0 1 ] 

[0 0 0 2] 

m^^ffC^^m^ MR (Magnetoresistive) ^^tlBfo ) ^^-t^U 

[0 0 0 3] 

MR^^^LTli. M:i^'[4^^^in;^:^ (AMR (Anisotropic Magnetoresis 
tive) ^^-tm-l^m (AMRB) SrMVNitAMRm^i:, g:^?^^^Jn:^ 

^ (GMR (Giant Magnetoresistive) S:^t-?^'fil^ (GMRM) ?:MV^ 

^GMR^^;^if*'?fe-5o 
[0 0 0 4] 

AMR^^&Mv^^S^^^y KliAMR/\^y Kill^l^tl, GM R^d=- ^ 
g^/\^y Fl±GMR/\^y ]^t0ittl^. AMR/\«y ®fH^^^*U Gb i 

t / i n c ®x.^S^^^y bTffJM^tl. GMR/\yFti. ®fa^^;g 
^'tSGbit/inch^ S:®;t-5S*^^y LT^UM^tiT vnSo 
[0 0 0 5] 

i:r5T% GMR^iiLTli, r#jf§y (T>^:7xn§i[) j , rf|^:7aiU 
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[0 0 0 6] 

?^'I4JS9 6 i:(D3c^M^{c<fc US^^n, U:^ffiJS9 2(Z)?^'fl:Mf (Drol^;b^^^|5 
[0 0 0 7] 

20Gbit/inch2 ^m:^^m^^mm^mm^'^miz-t ^t^i^ 

<f '2>Z:i:*'^M*4^TV^So Mx-li. iC^"CoFe specular spin valves with a 
nano oxide layer", 1999 Digests of INTERMAG 99, published by May 18, 199 

[0 0 0 8] 

LTV^a (#JM¥l 1-227530-^) „ 
[0 0 0 9] 

m(Dtpizmif^m^iz^\,^xmmx:^-Dt^. 
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[0010] 

-So 

[0011] 

^m(D'pt£< il^-m^^)^mm.^ffLi)^iz^<. Hj^-d. Mn , Cr 

(^nA) , Ni i-v^A/) , Cu m) , Rh iUiP^I^) , Ir (4 VV 

[0 0 12] 

n, Cr, Ni, Cu, Rh, I r iS^ZJ^P t -^(i^^^J^K IM 
[0013] 

, r (ommm t.i¥m-\im ncDm^^ x:^mmmmm'^m li^KM^M® ^ t>cD^^^ 

— :)^lC0fife$tl, Mn, Cr, Ni, Cu, Rh, 1 t ^ ^XJ^P t ij^ ^ 
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[0 0 14] 

n, Cr, Ni, Cu, Rh, I r J: tJt P t P> tSi t.CD^i--;^ < =fe 1 

[0 0 15] 

f£i5. mAMCDm^lt. 0. 0 3 nmi: tjj^< 0. 6 n m J: U r il 
[0 0 16] 

[0 0 17] 

i^nt^mmMti^m'?-(D^pfjt<t.^-m^&MLxm'?-(Dm^^mm-t^r=.tb. m 

[0 0 18] 

MmM(Dm-^l,t. 0. 5 nmJ«_t 1 nmaTT'feSr bVNo ^ 
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la$:-^^T'^^!g^4^TV^-g,r ^TbW^ LV^o mM^M\t. Ni, Co ( 

, Fe m) , Ta , Cr, Rh, Mo (^U>^-r>) 

Ni, Co^J:t>*F eti^i!^t£^m(Dr)%ptA<t.^Co ^^tim ^^M'^M t.^ 

Pt^< ^^Co fe-^tfr bV^„ 
[0019] 

[0 0 2 0] 

t>*5s^ffiM®e)t)®ii?j^< i:%-:&(^>?^'ffiscfi{c, m^^m-t^tmz. mmm 

iimO)'pr^< t%-m^''J%m^mmt)^i^^<. Mn. Cr, Ni, Cu 

[0 0 2 1] 

^m(Do-h<D'p^ji< ii^-':^(Dm^M^iz.. m-\i^m-t^tmz, m^m^m(D 

P^cii<t^-m^^J^nM.m.mt>'^i<i^<. Mn, Cr. Ni, Cu, Rh 

[0 0 2 2] 

^fe, MKJf =&J^fi^-rSX@l±, tafa^'KMlCMn, Cr, Ni, Cu, Rh 
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[0 0 2 3] 

n. Cr, Ni, Cu, Rh, I r ^ i: t>* P t P> < =b 1 

[0 0 24] 

n. Cr, Ni, Cu, Rh, 1 r iS^XJ^P t ti^^f£^m(Do^'pfJt< im 
[0 0 2 5] 

[0 0 2 6] 

«^{C, 01 ^vaLS? §:#ML/T, ®^J6®?^ffi{C'^-g>?^^^ 
il^^(Z)-:R^MT'^^MR^■?-i3J:0f-etl$:Mv^^^m^^^/\>y K®=^f!^lCo 
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[0 0 2 7] 

mitt, ^mm(Dmmiz^^mmm^^-j ki o o ^m^t^r^^=Lji~^r 

-2^2 0 O(Dm^^^-t^0X'&^o r®r^'5=-iX-^T-A2 0 Ol±, 

Kl 0 0:^^?^^$ti7t;^^>r^2 1 0 §:^bTVN-5o r (Z):;^ ^ >r ^* 2 1 0 li. "M 

fei:u^^^-r ^*2 1 o<D^miz^i)mM.mmmi^s o oizmmmm^n. tt=. 

lifB^g ^ tl ffi $ tl -5 J: IC 7& o T V^ S „ 
[0 0 2 8] 

El2tt, m 1 (C^Lt^;^^^ ^2 1 0 (D^^$:^-t*^(^)T'fe-5)o r^^^-f^ 
2 1 0 li, Mx-li, A 1 2 O3 • T i C (T;b7=-'f J: ^;:&-5^n ^^/^CD 

s^!is2 1 1 ^mLx\^^^o z.(Dmw2 1 Hi, m^f^mwrnzw-m.-^n 
Tfetj, ^(^e)t.<z)-s«^ta^^#:3 0 0 ©ta^Bfcieg^LT 
Mfoj-r-s j:e)fc@H@$tiTv%s, r(D?^^fH^^^3 0 0 (DtHiiBiiMrai'r'S® 
lixr/^Tu (AB s) 2 11a hmtti. M%mmmi^3 o o^^j'^m^-r 

^mz\t, m%Um%ii^3 0 0(DfH^ffii:xT^r U>i/®2 l l a.}l(Dm\Z^ 

\:>^^%mz^^). 7.^>{^2 1 Q%'^ummh(Dn^-}snv\zi^\^xu.mMfi^^ 

lltLSie)lC«S[ii>»#S*L, xT^rU >^®2 1 1 a i:^^fH#^fls3 0 0 
(DKtC— ^®|^ra*^T'$-5<ke)lC:^oTVN-5o 8^2 1 1 ©xT^T U > 2 
1 1 a JcMt-^-OT (1112 ^cfev^T^i:5feffl!^(^M®) tcii, «]g^?^^^^y Kl 0 

o.^^tgite^tirvN^o 

[0 0 2 9] 

Eisii, m-wM%^v ^ I 0 ooym^^'i^mx^xm.^^oyx^^. t.tc. 1114 
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(Dm^m^^^y K 1 0 o(i, i^^iB#^^3 0 0 izmm^nr^m^mm^n^'^ 
^n^^v Kgpi 0 1 i:, m^mmm^s o o(Dh^v^^^yizm%mm^m 

[0 0 3 0] 

<D±iz. mmmii, Ta5^>-;i/K»i 2, rmty-jiy^^^y^m i 3, ±3 
(Dmizi3\^xz(DmizmM^nr^mm:^mi^x\>^^. mmmi i«> m:^i>t. m 

m^:fy^l fimX:^^). NiFe (-y^;V0i^±) fji i£ (Dm^Umz ^ 

U^fig$tiTvxs„ TIH5e/-;i/K^-v^y^Mi 3^j;0±gp^>-;i/K^^'y:/Ji 
1 4 (i, m^lt. 0 nm—l 0 0 nmT'&U> A Ig O3 ^fe 

Ml5li, mXlt, )ttm~4 /iinT-feU, N i F e ^ if(^)i^'|4MJl^{C i 

[0 0 3 1 ] 

K^Pi 0 ii±, ?^^fH^i^^^3 0 0 7b^^®fB#?^#{c/^i;i::^T«M^2 
0{Cfe{-t^«^Si5T::^':^^[:i--5rii$:|fJMLT, ^mmm^S 0 OCfBd^^n 
^ « # 5: Sb ffi J: e) C ^ o T V N -5, „ 
[0 0 3 2] 

^(Dmmi^z oit. m^it. mQisj^v^mnzmLfd^oiz. ruy-jv\^^ 
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^^y^mi 3(D±iz, T*ji2i, mmm^m2 2, m2W:m^m2 3, 0m 
'ffiM2 4, ^m^m2 5, s.^m^m2 6^^mmm2 7i!iiz<Dmizmm^n 

fe^^g$:*bTV^S„ r^M2Ht. MAli. t^j'^ 5 n ml?^ , T a y 
[0 0 3 3] 

H 1 IJC^ffiS 2 2 tt, Mx-ti, nm~8 nmT'feU, Ni, Co, F 

e, Ta, Cr, Rh, M o ^^Z^N h ti^ibf£^m<D o ^(D^pt^ < t^N i 

h, Mofej:t>*N b®e)t>(Z)^f>j&< x, y, zit^n^enm^ 

%T 7 5^x^9 0. 0^y^l5, 0 ^ z ^ 1 5 OfgHf^T^-So 
[0 0 3 4] 

II 2 l^^'ffiM 2 3 ^$*^0. 5 nm—S nmT'^tl, Ni, Co 

v^So A^fiUtcti, (111) MA^«M:^lpI^ciBf6ILTv^^c o^ f Sy n i 

0_(x+y) ICJ: U^^Sti^r i::*^^^ UVN„ ^pfi, X, yit^tl^Hm^%V7 
0^x^100, 0 ^ 2 5(D^Hf^T'fe-5. r tl H 1 l>C?^'fS M 2 2 

^^xj^m2 w^m^m 2 3itmzyv-mt^nt>n^ mm'i^m ^ l t ^ u , 
v^-5o mm^m(Dm^. trjtt>-bmmm^m2 2^j:v^m2mm'mm2 3<Dm 

^©-^itli, 3 nm~8 nm^$4lTV\^„ 

[0 0 3 5] 

#l^'ffiJl2 4li, Mx-ti, 8nm~3. 0 n mT'^ 'J , C u , Au 

[0 0 3 6] 

2 5 li, Mx.li, ff$;b^2 nm'~4. SnmT'^U. Cofei:r>'Fe 

^m^m2 5T'li, ?^'f4**)iSf(Z) (111) M*^«M:^InI{c@HIalbTv^-5r 
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[0 0 3 7] 

RmM^m2 Q\t. m^\t. J?^ 71)^5-3 0 nmr-^U, Pt, Ru 0\^^- 
^2^) , Rh, P d iA^iJ^J^) , Ni, Au, Ag, Cu, I r, Crfej; 
XIF ets^i^tA^mo^o-h(D'pt£<}i%imM^^ii^ -^yij'y (Mn) h^^tiB. 

miPc ® K SI® t- -5 #^^Q.Sm;S§S?^'[4M|5F t. . ic J: 

U ^S^^'S 5: ^-t J: e) ic ^ ^ = 3 ® ;S3S^'[4M 2 

[0 0 3 8] 

jCli. RuRhMn — 't'A n i^-^; Av>:*r>-^^) , FeMn i^^yiS 
n , NiMn (::i^y >^r;i/V>:^/>-^^) ^.fctJfPtRhM 

[0 0 3 9] 

^©aM^2 OT'li, §t^'[4M2 5*^^M:^IpJ^CfeV^TTM2 5 a t.±m2 5 
b i:^c^^i!l$4^Tv^-So r (Z)TJS 2 5 a i:±ji 2 5 b ^©T^, 
2 5©ctiicii, 7^^0^{cfeits rjiwMj (D-:R:^jcMJcM^5t-'2>?S^'ffiSr^M2 
8*^tS:^:rp)tlTv^e. z.a>mM']&mmm2 ^m«^SB*^«ji#:2 0 $:Sfstis 
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■So 

[0 0 4 0] 

mM^mxm2 8\%. rnxx-i.. mM^m2b<Dm^^m(j:>^-^(j^'pf^<^^\m 

is^hXS^^. Stc, r®3t^'f4®r^M2 8li, Mx-ii. ^;fiDi^tbT, Mn. c 
r, Ni, Cu, Rh, I r feJ:tJfP t :«)^?>^ei¥(^e)-^®^i?;^fc< IS?:-^ 

m\Z\%. Z.(r>m^^m^M2 8\%^ Ni, Co^J:t;fFe7!)^^;&-5l¥(De)t.(D6J> 
^<i:=fejCoh. OfeJ;tJ^N:^^^;&-g>l¥®e) t.CD^i?J&i< ht; IS^, Mn, Cr 
, Ni, Cu, Rh, I r ^3J:r>*P t 7b^^);&-g)^(Z)e)-^®^i?^< 1 

[0 0 4 1 ] 

^W&M^m2%(Dm--^\%^ O. 5 nmJ2^±l nmJSJATt?fe<5^i::«)^ 

^ bV^o j?-t^Si:TM2 5 a ^±M2 5 b }L(Dm%.m'^^±%m'^ 

i&mmtmttm ^ ti V ^ ^ T' y , m-r^^t s: icfrjPSi- 
[0 0 4 2] 

^1^3 0 a, 3 0 hti^^tl^nm»iotlX^^). ^ 1 K^l^'ffi M 2 2 <fc tJt|| 2 $>C 
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3 1 at. mmmmm^^mmms 2 a t^r3ty-)v\^^-^^y^mi 3(^mi)^ 

0«^g^^4^Tv^-5o zHi^mmmmm^m^ms I a, 3 1 h<Dmit(D\^^it 
: m%mmm^mm^3 1 a, sib t.m^ummKmM')&.'m3 2 a, 3 2 b i: 

Mx.liBI7{C^L^J:e){C, ?^|E0f^M^?^'f4M3 1 a, 3 1 b©j£^-eji 

mi^m^m2 zi^^xsm^im^^m^ 3{c#t- -g>A-rr>?.?^^HbA^x;^foi{c 

[0 0 4 3] 

M^mmmmm^m:3 1 a, 3 1 bii. ^ti^tij?$*u onm~5 

OnmT'^So ^J^. ?^|S:0MM3^?^'14J^3 1 a, 3 1 b tt, m^\t. NiFe 

, ^feii, Ni, F e^5^xsc otf^i^tA^m^m^^E\zx^)m^-^nx\^^o 

N i F e o LT%av^= l^EMWMM^S^ttl^S 2 

a, 3 2bli, m^\t. -etl€tljS$*^5 nm-S 0 nmT'feU. 

ffJ^J^30a, 30bhbTtt, ^i^ffiMM (/^- Kv^:t^^y h) 5:Mv^T=bj: 
V^„ r®#-^tCli, TiW (5^^ >^ ^^^XT^^-a-^) Jf^CoPt (i37NVl/h 
MhommW:. S>-5V>{iT i WJi^C o C r P t (ziA;i/h^DAa 

[0 0 4 4] 

rtl^^^|2M^^m3 0 a, 3 0b®±jCli, T a ^ A u O^MM, TiW^ 

y-Kji33a, 3 3 b A^^tl-rtllSi-t^tlTjSU, ?^|KM^^il3 0 a, 30b 
$::^bT«M^ls2 0{C«?^$:gKt-^i:*^T'$-2><J:e)lC^oTVNS<, 
[0 0 4 5] 

IH^^^y KSPl 0 2li, m^\t. Ef3 feJ:t>*0 5lc^L^J;e)lc, _t:gUi/-;b 
KJi 1 5®±tC, A Ig Og 0. l/im~0, 5^m 
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3-r;i/4 3, 4 5(Z)cfiyi>g|JfCMj^-t^fi^StC^PSl54 1 a $:^bTV^-g>, Z.®fH 
yji4 1 ®±{Cli, - h/N-r h $:at^i-'5>^$ 1 . 0/*ni~5. 0 
fim(Dyyit h L/S;^ hM4 2 S::^L/T, 1 yam— 3 /i nKD^J^n >f ;i/ 4 3 J3 

hji4 4<D±Kit. 1 /tim-S m(D^M=r ;i/ 4 5 J: t>*r tl Q 

[0 0 4 6] 

fB^=^^>y :/Ji4 1 ^ j:tJf7* h l^e;^";^ hM4 2, 4 4, 4 6(D±lZlt.m^ 

v^jt^m-^m3 fim(D±mmm4 7ii^m^^nx\^^^. z(D±m^m4nt, m 
m^-(jv4 3, 4 bo)tpj\L^3izMmLxm\-f^nt=.mm^^^y':fm4 i<Dmam 

4 1 a$:^LT, ±SP>>-;i/KMi 5i:^MbT^U. l^^6<^^cie^bTV^-5>„ 

^:®J:§|S^@4 7<7)±lCii, 03 ^V^bB^61?«BI^b^V^}^)'^, Alg 

03 J:U3&Sj?$20y(i m'-'3 0 fi m(D>t-A-zi- hM (013 (B) iZlsn 
S;r-A-n- hji4 8) :^'^^^§:^e> J;e)C?^m$tiTVN^o Z:4%ICJ:U, 3 
<DfS#/\^y KBPl 0 2li, ^jK=l-f;i/4 3, 4 5 {C§StlS«SSlC j: o TTM^ 

4 1 <DT5imiz^-r^mmzj:^xmu9mmi^3 o o ^mtL, mm^mmt^ 

[0 0 4 7] 

ri?:ic, r(7)<ke)lc^^$nfcMR^i^l 1 0^3J;t;^j^?^^^>y Ki 0 Oiz^ 

^n^mmz'D^^x, me^s^xfrni ^^^c>izmmhxm.m-t^o 

[0 0 4 8] 

:^<^mmm%^v k i o o t-i*, s^^^y Kgp 1 0 1 iz^i)mn.nmmi^s o 
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M2 bt.s.mm^m2 6 ii(D^mv(D^m'^^iz^^^w^^mmz^i). 

it. 3S^^'KM2 5^^MMp(Z)fRI^7b'5y^|pJ^CM$tlTV^^o 2 5 

^m'\iMmm2 s {cj:ottm2 5 a t±m2 5 h inz^ti^tir\^^^i}^. mm'\i. 
mmmz 8itm'^^^Lx\>^^(Dx^. tm2 5 a t±m2 5 b^^ti^ticoi^-fb 

■^s/WT;^?g^#Hb{cj:u, mimm'\^m2 2, m2w^m^m2 3^^z:^m.m 

[0 0 4 9] 

mm^m^m-tmizit. mmi^ 2 oiz. u-KMssa, ssb^riit^T^s 
«^?ST'fe-5^m«?jfB f}'^m:^iiA^ r^m^Hh (D:/fmzm^n^ 

o «^<D#<ii, «^S^^;*^^£v^mll^c^^'[^M2 2*^^?S^^'[4jff 2 5(Z) 

2 8 (DmMm.tfLfJ^^m'\^m 2 5CDTM2 5 a i U=fo:^^<?S:oTV^S(DT', TM 
2 5 a;^)^^5^^ttMr4M2 8 (C^l&Li: e) < il^fc-gpii, 

2, H 2 ®:?^'ffijf 2 3 , #^^'[4M2 4 feJ;aJ3i^'[4M2 5®TJi2 5 ajCjSVAT 

[0 0 5 0] 

?^^ia^t^^3 0 o:^)^^(DM■^^^^s:^^^si:. mimm'\im2 2i5^x^m2 

#:?^'[4M2 3 iCfet^t-SMMf 0[Rl^A^^^fc-t-5o 3^^'I4®2 5®?^^bMp®fqI 
^tt, H3i?^'f4jS2 6{CJ; y H^$4^rv^S®T% ?^^fH^^^ 3 0 0 ^ ©'ft 
■^^^#&^^tr=fe;^^fcb^V^o mi Wim^m2 2i5J:ZJ^m2^m^m2 3 iCJSl-t 

s?^'f[:Mf ©fBi^Tb^^'fts-t-sii, mmi^2 o^^n^mmt. mim.m'\im2 2 

is J; t>*m 2 l^^'fiM 2 3(7)mMf (Z)fPl^i:^?^'ffiM2 5®?^^[:Mp®fnI^i:® 

mMnmizjz^i:^r^m.ffL^^i-^^c ^m^miim'\imt(D^^izi3i-f^n 
\,tti^mMiz^^^(Dx&^. :i<Dmmi^2 0 (Di&tfL(DmtMitmm(^mtAt 
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[0 0 5 1 ] 

r3T% samttMr^M 2 8*^|g{■te)tlTv^J&^-j■tl^^, «m^2 o fc^sit-s^j^ 
m^cDmmtmi izis^^x^WBv^-tmm. o*uiiimi^'[4ji2 2, mzm. 
m'\imz3, #»ffiM2 4 ^3j;tj^3i^'[4S2 5T'fe-5o 3ti{c*fL, ^mm(Dm 

(D^fj^mmtmi K^\,^x^WAxmirmm. o^uiiii*ci^'f4M2 2, mzm. 
^ffiji2 3, Mttji2 4 fe<fcr>*TJf 2 5 a tc^e*^ti-5o ^m-\^mm 

[0 0 5 2] 

tr=:. m^i^mmM2 8lt. mtUi^HLX. Mn, Cr, NI.Cu, Rh, 

1 risj^v^p t i)^^rjt^m<Do^'p^£< lm^'^^X'\i^^(Dx. mmi^z 0 

[0 0 5 3] 

^VNT, 0 8;&VnL|2I1 3 $:#MLT. M 1 1 0 ^ J: K 

1 0 0(Dm7^:^mz'D\^xmm-t^. m8, mi 2^^zj^mi 3it. 04 

[0 0 5 4] 

2 O3 • T i C J; y ;&sa#:2 1 1 0-{i®±{C, X^n" >y ^ U > ^^ic i: U , 
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[0 0 5 5] 

, rmm2 ii5^x^mimm'\^m2 2. m2Wim^m2 3, #»ttS2 4^j:t>* 

fe. r®x^li. m^itmml^^^^^M^^^y^^o^^x. mM&:h i . sxio 

~^Pa~3. 0 X 1 0"^P a, figMffi:^ 1 . 3Xl0~^Pa~l. 3 P a^^O) 
[0 0 5 6] 

^:^CV^T^ Ef9 (B) lCatbfei:e)fC, 3Si^'[£M2 5CDTM2 5 a®^M{C, M 
X-ti, XA'V ^ y >^*55^JC J: Mn, Cr, Ni, Cu, Rh, IrfeJ;t)fP 
t 7b^^5^^l¥®^-^(Z)^i?^< 1 U^'5^MM2 8 a Jfili 0 . 2nm(D 
m^Xm^-t^. ^JtiB. r(D^MM2 8att, TM 2 5 a (D^® T V^^^^^ 

Mii^<, .fe^/^(C?^^$tl-5r ^{CJ: TJf 2 5 a^^ffiCD— gP^^^mbTVN 

[0 0 5 7] 

}i%-':^^mAv. m^mti^i. 3 x i o'^p a-i o^ p ammt^ji^^^iz 

H^*tc, ±IB®^MM 2 8a Kmt>i^t=.ym 25a 0 . 01 6 0 

^^K^^fo ^tllCj:U. ^MJi2 8 afe«f:tJfTM2 5 a^-gp^^^-ft, M-fb, 

^rc\tmitmit^n. MttMraM2 8;b'??^^$n^o rco3£?^'ffiMWM2 8(o 

3X10"2pa~2. 6X10^ P a ilTtlti j; U^f ^ L<, TM 2 5 a 

1 9 miiE4t 2000-3068210 
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o 

[0 0 5 8] 

m^mmm 2 s (D±iz^m^m 2 5 (D±m 25b, ^s^Si^-f^jg 2 e j: wajg 

•t^m^izit. m^it. y:^\^izmm^wMLr^v<mx'Emm'\im2 6^mm-t 
So ^nizj:^). skm^m2 b(Dm^t<D:^mit. ^^m^m2 6t(D^w^^iz 
^^xwMmM(D:^\piyizm&-^n^. 

[0 0 5 9] 

^c^)®-^, mio (A) izmi^fc^viz. m^it, ^mm27(D±iz, mmi^ 

2 0 (Dj^^^^mmiZMmi^X y h VVy. hJ^4 0 1 $:^lf?6^{C?^^t-'2>. ^ 

fe, 3CD7:t h Ui?;^ hJll4 0 1 li, %M'f^^)^Viir-y^mM}\z^'ioz.}ilS^x 
ri:}6W*Lv>. 7:<i- h ut;^ hM4 0 1 ^^>^U 

>^*}5SlCi:U. '7i:V\yV7.VW.^0 l^^zk^ )Ll,X. ^M]^2 0 a 

'e^MJi2 7, 1x^M.^m2^, 3Sl^'(iMWM2 8, §Si^'ffiM2 5, 
24, 1^ 2 iJc?^'f4Jf 2 3 , mi*>C^'[4M2 2^J:t)fT^^®2 1) ^X^y^^^^-f- 
So rtLtciU, 010 (B) fc^L;t<k e)^«®^*:2 0 3()'!j^f!g$ti-5c 
[0 0 6 0] 

- «JS^i£2 0 $:?^figL7t®t>, BIl 1 (A) C^LycJ:e){c, y.nv ^ 

U>^?5S{CJ:U, «M^2 0(DM{C, ^^Ef^I^M§t^'^4]^3 1 a, 3 1b^i: 

•a-M,^mmmMM!&m2> 2 a, 32b ^^ti^tijiRr^^m-T'Sc 

f!lt»M>55t?^ffim3 2 a, 3 2b §:#N^M^;55^^^'[4M$JKc <fc U^^f -5^^ 
icii, Mx-li, x:^|oj{c^^S:mL;t^^MT'?^E$rMm;55£^'Sm3 2 a, .3 
2 b $:-?-tl-etl?^^-tS= miCiU. ?^EM^^M3S?^'am3 1 a, 3 1 b CD^^ 
'fkc^:&|Bl{±, m%%\mn)ymM^m^ 2 ^ , 3 2 b i:cD3^^M-^lcj:oTPPM 

2 0 2000-3068210 
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[0 0 6 1] 

m^mmmsoa, 3 o h^^n^enj^^Lt^o)-^. iiii:;<biii (a) izm 

3 2bCD±lC, U-KJS3 3a, 3 3 b fe^tl^tlJ^^-T-So ^<D<D%. m^it 
[0 0 6 2] 

U "7 o7^<Z)t>, 011 (B) lS^Xfmi2 (A) {C^bfci^) 

tc, mx\t. y.nv ^')y^m\zii^). TS^>-;i/ F¥-v i 3 fc<fct>*aji 

f$i2 0 J:e)lC, ±g^>-;i/K=^^^vySl 4 $:^^(^)|®T'm^ L ^#14$: 

Mv^T?^^-r§<, ^ti{cj:ij, ^M#:2 Old:TS2/-;i/K=Sr-v^yyMl 3 ^_hgiJ 

Ml4(D±lc, Mx-ii, ^A^y ^ U >yj£{c j: ±§15 KM 1 5 
[0 0 6 3] 

-hSI5i^-;i/F® 1 5 §:?^^Lfe®-^, mi 2 (B) tc^ L <k fC M;tli> 
:^>'N°^y ^ U ^^^Sicj: U, J:g|Ji/-;i/ Kjfl 5®±{c, IH^:¥^ >y yM4 l 5:*? 
^(^^iT'^^L7^#i^:^$:Mv^T?^figL, ^©fH^^-v ^® 4 1 ©±^c, 7:rh 

N®4 2 $:m^©>'^°^-:/^c?^^'rSo y':^ h^^^^ NM4 2 
©t), Z1(D:7:«- hl^s^::^ h®4 2®_hC, ^J^=r-r;i/4 3 S:«^<^MT'mH>3L?t 

m^(DA^-y\zj^m.'r^o y^h\yVy.VM^^^W'W^.ht:L(D%. z.(Dy^V 
l/i?;^ hji4 4C7)±{C, ^M=i-r;b4 5 $:«^®MT'^b^ v^T?^^ 
r(D^i^3-r;i/4 5 ^Mo j: e)ic7pr h i/i;^';^. hM4 6 ^m^o:>n^-y\z 

[0 0 6 4] 

h l/i;^';?. hJi4 6 $:?g^L?t(Z)t>, 013 (A) \Z^\^t=.X^\Z. m7L\t 

2 1 ailiE#2 0 0 0 - 3 0 6 8 2 1 0 
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, fa#=¥-v>y >^®4 l, ^pgM la, Sl/i/':^ hM4 2 , 4 4, 

4 6®±{C±SM4 7 $:^^®^iT'i^^LfeM)^^$:Mv^T?^fig't-5= 
4 7 SrJ^^LfeCD-^, Mx.ti, ^ a)±g|Ji^^4 7 v;^. ^ LT, -frtV^U^ 
^ICcfc t), IH^^^^y ■:^ji4 1 j:r)f±^i>-;i/ l 5 ^mnmiz:!iy^y^ 

f^o ^(Z)(Z)t>, 013 (B) lZBLt=.J:Z)lZ. _hMi^4 7 0DJ:{C, 7f--7l- 
[0 0 6 5] 

^-A-n- hjf 4 8 Srj^jsgL^®^., ^JSfls 2 0 (D;5^?^ttJg 2 6 

^^nmmmmm^m^ms i a, sib s:f^Ms^;K^?^ffi;fefj|sffci: y ^ti^ 

«EMWM;5»M3 2 a, 3 2b hm^Mmm 
mM^m2, la, 3 1 b i:(Z)^D ^y »j t)lffv^:^-^(cii, m^^^m 

c ^VAT, ^m^^^^y K 1 0 0 ^M^wmmRmmm^^ 2 a, 32b 

fU'^ffl^^^^'fims 1 a. 3 1 h hoy-fuv^y'^^mt.x^^nh. M;t«x^fqi 

mt. M^wmmBLmM'^m2> 2 a, 32b ^c^x^sim^icjcotmi^^®^ 

[0 0 6 6] 

i^ttll3 2a, 3 2 b ^aiE0Jt^M!S?^'ffi]^3 1 a, Z I h iKDzTU v ^y '!fU 

m%mmmB.mM'm^^ 2 a, 32b s:#^^^s^;S§s?^'aMJpj|-{cj: u^^f s 

22 ffitE#2 0 0 0 - 3 0 6 8 2 1 0 
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[0 0 6 7] 
[0 0 6 8] 

Vf. ^<Z)^^'f£Mr^M2 8^'CMn, Cr, Ni, Cu, Rh, Ir^itJfPt*^ 
t>^i'^^< i:=b l S$:-^t^ J: fc L;t®T', mMi^z OcDrnffL^tm 

<fcoT. ^m^^^^y Kl 0 0 $:igit-r-5Xg(CfeVAT, 2 0 IC:^^^® 

[0 0 6 9] 

^i^'fSMr^M2 8(Z)jp:$ S: 0. 5nmJ2^±l. 0 n mJ^^T i: "TS <fc e) 
t-tlli. ^^'fiM2 5(DTji2 5 a t±m2 5 a $:1^^e^HC-'^>fb$i±oo, 
i U :^ ^ ^m^^f S: # -5 r h ^ S c 
[0 0 7 0] 

ttz.. ^«Jf r4M2 8 $:?^^tg-r§XSC^VxT, ^^ffiS2 5®TS2 5a 
©^BtCMn, Cr, Ni, Cu, Rh, I r J3 J: P t j^)^ ^ e) '^ii'^^ 

< iSck U^-5^MM2 8 aSrJ^^L, Z1(Z)^MM2 8 a i3 i t>*5SattJi 2 

8 ^m^-t^j:^iz-rtnt. Mnfjti£(Dmm^^mLr^mm^Mmm2 8 

[0 0 7 1] 

2 3 ffiliE^ 2000-3068210 
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o 

[0 0 7 2] 

imm^m2 2icnm-\immm2 Qttmi-fibtix^^^o z(Dmmi^2 oxit. % 

l'^W&M2 2nmM-nn\ZlB\^xym2 2 a }l±M2 2 b htCr^^frj^nT^t; 
, TM2 2 a i:±M2 2 b i:®r^, t"^*?-^^ i IJc^-ffi® 2 2 CDtftfc. 

fet-t^ rjfr^jfj (D-^i^m\zn^-t^mM^m'^m2^i$Wi^^t\x\^^. 
m^mmm 2 9 n 1 ^Jct^-isM 2 2 j; y ^m.%miifi^i^^< , i^-a^:^ 

LT^dU, mM^2 0®^^^:^<b^^5£^C;*:^<■r'5J:el^c;&oTV^^o 
[0 0 7 3] 

2 2<Dm^7im(Do-^(D^pfji< im^^/vx^^^^tti'^^^L\^K mw^m 

[0 0 7 4] 

f£i3. mm&.mmm2Qit. m2mm^m2 3<D^izmi-ix^^\,^L. mim, 
m^m2 2 tm2Wim'\im2 3 tomizwu^x^j:^^. w^m^mmm2 Q^m2 

ttM2 3®-gij$:^^b, mt:^^^Htmiti3^x:^mit-r^^inz^i). a^^iJc 
i^'ffiMr4Ji2 9 $:^^{c#-s - ii^'jT'^-STb^^jT'fe^. tt^. mm^MmM 2 9 
^mi$^^M2 2 iim2mm']iM2 3 i:©wjcsgit<5, j;e)icLfc#-^icti, 
?^'KMr^M2 9 it. miw^m'\^m2 2i5^xfm2mm'tim2 3 ®ii?;5;< ^1=^-;^ 

2 4 ffi|iE#2 0 0 0 - 3 0 6 8 2 1 0 
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[0 0 7 5] 

tr^. nm^mmm 2 9 1)"^. Mn, Cr, Ni, Cu, Rh, Irfej;t>*Pt 
[0 0 7 6] 

jgfc, mi 5$:#MLT. :^^m(Dm2<Dmm(DmMiz'D\^^xmm-t^. 

[0 0 7 7] 

llI15li, :2fc||Sg(7)?^ffilC^l^<g>^®#;5 0(7)«^S:^t-%®T'fe'g>o 
M^5 Oli. mi ®IIJfe®?^ffitc^l-t<5§^?^tt®raM2 sicf^x-T^ta-KMraM 

5 9 ^m^^tmz. ^<D^m-\immm^ QizmmLxK^miiM2 6(Dmizm 
AM6 0 ^mz.t=.^t^m^. m cz)iiM®^ffi{cfej-t'5«Mft2 o hiHi-®^ 

^S:*bTV^^„ ^ie^'SMr^M 5 9 Ji, Mn, C r , N l , C u, R h 

, I r^^nP ti}^^f£^m(Do-^(P^j:<il^im^^/uXmm-^nX\i^rji<X 

[0 0 7 8] 

#AjS6 0li, «M#:5 0®||S^^ffiS:fBl_t:$-&^;tis?)(D%(DT'fe»;. Mn, 
Cr, Ni, Cu, Rh, I r fei:t>*P t :^^^;&Sl¥©e> ^^^i-^^ < i:=fo 1 8^-^ 

JSj (^-:H:#:M{cMiSLTV>So If AM 6 0 M^li. 0. 0 3nmj: 

[0 0 7 9] 

^fe, ^iiM(^?^MT'ii, J* AM 6 0 ^^m'\immm 5 9 o^mm^m 26® 

2 5 aiiiE#2 0 0 0 - 3 0 6 8 2 1 0 
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[0 0 8 0] 

<Dmm(DmmiimmzLx. T^ji2i, miw^m^mz 2, m2mm^m2 3 

M6 0(Z)_hJc, M;tlSlli(Z)||Sg(Z)?^ffi^|^#{CLT> 3S?^'f4M 5 5 <D±M 5 5 

[0 0 8 1 ] 

^(D^OlZ^mM(DBMlZ^tHt. Mn, Cr, Ni, Cu, Rh, I r fe^ 
[0 0 8 2] 

Jfc^. ^attMr^MS 9 0. 0 3 nmj: yjp:< 0. 6nmJ:»J=fo^< 

[0 0 8 3] 

^i3, l*AM6 0*^, Mn, Cr, Ni, Cu, Rh, 1 r ^^V^P t iii^^fji 
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[0 0 8 4] 

^t.r^itmiw^mmm2 2t.m2Wim'\im2 3 iLcomizmm^mmm2 9 ^m-f 

T*;^V^o VN-rtltj#-^*J, mm^MmM 2 9 It. Mn, Cr, Ni, Cu, R 

, ^^J&V^j;e)^CLT=feJ^V^. * fe, l^^'ffiMr^M 2 9 (Z)#?^ftM 2 4 {i;^^ 
(Difffe J: t5iJc?^'SMKJi 2 9 2 4 i: ©r^ < ^ =fo-:;^lc, M n , 

Cr, Ni, Cu, Rh, Iri5J:ZJ^Ptf}^^fjt^m(D^%^pf£<il^im^^ 

[0 0 8 5] 

[mmm] 

[0 0 8 6] 

immm i ~ i o ] 

HSfeMl — 1 0 LT, 0 7 {C3^b/taM^2 0 ^ 1 L ^ <k e) lc§S?^ 

'[4MraM2 8(D^M$:^x.T#i^Lfe= ^T, ^©(cAig mti^mm-^ti 

feAlg O3 • T i C J: y ;&SF|ieii^'[4a«®_t:JC, ^ U >^^^SfC J: U, T 

a ?:MV^T*^ 3 nm®T^JS2 1 ^(Z)_h{C, N i F e $:mv^TJS$ 

2 nmCD^l (Z)t*:?^ttM2 2 &^]^L^c ^(D±iZ, C o F e V^TJ^^ 2 n 
m(Z)||2$Jci^'[4Jg2 3 ^r^ML, ^®_hJC, CuS:^V^T^$2. I nm(Dim 
'^m2 4 ^<D±IZ. C o F e S:MV^TTM2 5 a SrfigjlLT^o T» 2 

5a(Dm^it. ^(Dm^mmiz^ijm^t-^n^ii^^'^i^tmi^. m-fbra^^js 

8nmt;&e<fce»lCLfe„ 
[0 0 8 7] 

r^VN-e, TM2 5a(^±JC, XA^y ^ U >^iS{C4: U^l lC^L^#3|Sf?:MVA 
T^^O. 2 nm(D±mM2 8 a^m^L. r ©^MJf 2 8 a tTM 2 5 a i: $: 
^^bl^T^^O. 9 nm(D3ll^'i4jir^M2 8 ^J3. ||»J 8 ~ 1 0 

2 7. tBiiE#2 0 0 0 - 3 0 6 8 2 1 0 
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o tfc. ^m&.mmm2 8(Dm-^lt. mMmm^I'mmm (T em : Transmission 
Electron Microscope) fC J: U li^ bfe=fo®7?&-5„ gsV^T, 2 8 

CD±JC, C o F e $:MV^TJPS 1 nm(D±M2 5 a ■^•©JifC, PtM 

n^m^^X 1 3 nm(DR^m^m2 6^^mL. ^CD_h{C, T a $:MVATff$ 3 
nraC^^MJl2 7 $:mMb;to l^^ll^H^^'KMI^ (PtMn) ^m\>^XR^ 

[0 0 8 8] 























5h 


lOh 


20h 


60h 




1 


Mn 


11.3 


11.2 


11.0 


10.5 


9.0 




2 


Cr 


11.5 


11.3 


11.1 


10.6 


9.2 




3 


Ni 


11.4 


11.2 


10.9 


10.1 


8.5 




4 


Cu 


11.0 


10.8 


10.6 


9.6 


7.9 




5 


Rh 


11.1 


10.9 


10.5 


10.0 


8.5 


m 


6 


Ir 


11.1 


10.8 


10.4 


9.7 


8.4 




7 


Pt 


11.5 


11.4 


11.0 


10.5 


9.0 




8 


Rh.Mn 


11.4 


11.2 


10.9 


10.2 


8.7 




9 


Pt.Cr 


1 1.3 


11.1 


10.6 


10.0 


8.0 




10 


Pt.Mn 


11.7 


11.6 


11.4 


10.9 


9.6 






11.5 


11.2 


10.7 


9.5 


6.4 



[0 0 8 9] 

i-^fCbTf^SgUfe^JfeMl — l 0(Dmmi^2 0^COV^T, X^tfifC^VA 
^mULt^. ^^V^T% Z:n?5«jS#^2 0 ^CoV^T, M^^iZ^n^ 2 5 0'CX<D 
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Xm-ta 

[0 0 9 0] 



























5h 


lOh 


20h 


60h 




1 


Mn 


100 


99.1 


97.3 


92.9 


80.0 




2 


Cr 


100 


98.3 


96.5 


92.2 


80.3 




3 


Ni 


100 


98.2 


95.6 


88.6 


74.6 


m 


4 


Cu 


100 


98.2 


96.4 


87.3 


71.8 


5 


Rh 


100 


98.2 


94.6 


89.6 


76.6 


6 


Ir 


100 


97.3 


93.7 


87.4 


75.7 




7 


Pt 


100 


99.1 


95.7 


91.3 


78.3 




8 


Rh.Mn 


100 


98.2 


95.6 


89.5 


76.3 




9 


Pt.Cr 


100 


98.2 


93.8 


88.5 


70.8 




10 


Pt.Mn 


100 


99.1 


97.4 


93.2 


82.1 






100 


97.4 


93.0 


82.6 


55.7 



[0 0 9 1] 

T=fe^Mb^«7 o%je^_fr^y, j:b««M®^Mb^ 5 5 . i%^^)^i^^rAm.^m 

^:r.ilti^X^r^o 3^^^'f4M^^ji2 8 tCMn, Cr, Ni, Cu, Rh 

[0 0 9 2] 

immm 1 1 ~ 1 8 1 
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MvxTJ?$ 3 nm®T^&M2 1 Sr^l^b, ^®±{C, N i F e V\TTji 2 2 

a^^mLtc. rm2 2 a(Dm^it. ^(Dmimmizjivm^it-^n^^^^mu 

m^t^m^<Dm^tf^2. O nmUf^^^oiZLt^. r^VNT% TM 2 2 a ® 
J¥$0. 6 nm(^i>Ci^'ffiMKM2 9 $:?^^b7^„ 7^^3> «Jj^ftJi 

r^M2 9®ff$tt, TEM{c<fc uM^L^ct^^T-fe-So i^vNT, w^m^MmM 2 

9(Z)_h{C, :^7N°>y ^ U >^?SICJ; N i F e $:MV^Tff $ 0 . 5nm(D±M2 
2h^^mL. ^(D±iZ. Co F e $:MVNTffS 1. 5 n m®|| 2 2 3 

Sr^Hb, ■^(D±iZ. C u $:MV^TJ?$ 2. 1 n m<D#»l4M 2 4 5:^]^ L, ^ 
(Z)_t{C, C o F e ^MV^TTM5 5 a ^r^HLfeo TM5 5aCO^$li, =^©1? 

^oiZLtco 

[0 0 9 3] 





1^ 
















5h 


iOh 


20h 


60h 




11 


Mn 


13.5 


13.3 


12.9 


12.2 


10.7 




12 


Cr 


13.6 


13.2 


12.8 


12.1 


10.5 




13 


Rh 


13.4 


13.2 


12.8 


12.0 


10.0 




14 


Pt 


13.7 


13.5 


13.0 


12.4 


10.4 


m 


15 


NiFe 


13.5 


13.2 


12.7 


11.9 


10.5 




16 


RhMn 


13.3 


12.9 


12.5 


11.7 


9.9 




17 


IrMn 


13.4 


13.0 


12.5 


11.7 


9.7 




18 


PtMn 


13.6 


13.4 


13.0 


12.5 


11.0 


tmmz 




13.6 


13.3 


12.4 


11.0 


7.7 



3 0 
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[0 0 9 4] 

V>T. J?^0. 2 nm®|f AM 6 0 ^figj^L, ^®±JC, C o F e VaTJ^ ^ 
1 nm®±M 5 5 b Sr^j^L. ^(D_t{C. P t M n V^T 1 3 n m(D;K?^?^'f£ 
M2 6$:^mb, ^®_h{C, T a $:MV^Tj¥$ 3 nm®^«S2 7 ^^j^L/fco 
^MJi2 7 $:?^f!^Lfe®^, ;55S^'ffiM2 6 ?:^^gi^M^i^'ffiM*Jf (PtMn 

[0 0 9 5] 

3® J;e>{CbT#iJL^^JfeM 1 1-^1 8(7)WM^5 0{C•:^V^T, 1 ~ 



3 1 
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[0 0 9 6] 









(%) 
















5h 


lOh 


20h 


60h 




11 


Mn 


100 


98.5 


95.6 


90.4 


79.3 




12 


Cr 


100 


97.1 


94.1 


89.0 


77.2 




13 


Rh 


100 


98.5 


95.5 


89.6 


74.6 




14 


Pt 


100 


98.5 


94.9 


90.5 


75.9 




15 


NIFe 


100 


97.8 


94.1 


88.1 


77.8 




16 


RhMn 


100 


97.0 


94.0 


88.0 


74.4 




17 


IrMn 


100 


97.0 


93.3 


87.3 


72.4 




18 


PtMn 


100 


98.5 


95.6 


91.9 


80.9 






100 


97.8 


91.2 


80.9 


56.8 



[0 0 9 7] 

T^^MC^liv 2%j;^;^±T^y, i:t««McD^Mb^ 5 6 . Q%i:^)^±^um.^m 

-5^ i:*^-e#^o f Mn, Cr, Ni, Cu, Rh, IrJSitJ^Pt*^ 

[0 0 9 8] 
1 9 ~ 2 6 ] 

^kK. MM^ll 9~26^bT, BIl 6{C5tL7^«Jf<z|s5 0 J* AM 6 0 <D 

WK^^m-^^m.^\zmhf=.iio\zmt-^^rcz.}i^^^. mmmi i~i s 

o V ^ T t) it T c 



3 2 
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[0 0 9 9] 





MM 


mAmm 

(nm) 














mm.mm 










5h 


lOh 


20h 


60h 




19 


Mn 


0.03 


13.4 


13.0 


12.2 
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